Background-Despite increasing awareness regarding evidence-based guidelines, considerable gaps exist for heart failure (HF) quality of care at teaching hospitals (TH) and nonteaching hospitals (NTH 
H eart failure (HF) has remained a major cause of mortality and morbidity in spite of major advances in management. 1 Data from the Centers for Medicare & Medicaid Services showed at least 1 in 4 patients admitted with HF will have unplanned readmission within 30 days after discharge. 2 Guidelinerecommended care for HF patients has shown to improve outcomes. 3, 4 To reduce readmission rates, Centers for Medicare & Medicaid Services has implemented a few policy changes, such as public reporting of readmission rates and reducing Medicare reimbursements for higher than expected readmission rates. 5 These changes have motivated medical community to initiate quality improvement programs such as Get With The Guidelines (GWTG)-HF, Hospital to Home and Target: HF, and many hospitals are joining them to improve adherence with performance measures and reduce readmissions. [5] [6] [7] Among hospitals reporting data to Centers for Medicare & Medicaid Services, hospitals enrolled in GWTG-HF program showed greater adherence with performance measures. 8 Previous studies showed differences of adherence to guideline-recommended care, quality-of-care indicators, and clinical outcomes between teaching hospitals (TH) and nonteaching hospitals (NTH). [9] [10] [11] The data from real-world registries, such as the Acute Decompensated Heart Failure National Registry (ADHERE), showed significant variations and gaps in adherence with performance measures and quality of care at TH and NTH. 6 Hospital-based educational and quality improvement programs may help eliminate these gaps and improve adherence with guideline-appropriate care. 10 The GWTG-HF program provides an opportunity to examine adherence with performance measures for HF among the wide variety of hospitals in the United States. In the present study, we used GWTG-HF database to examine the differences in guideline-recommended care and clinical outcomes at TH and NTH for patients admitted for HF with reduced ejection fraction (EF <40%) and preserved EF (≥40%).
Methods
The GWTG-HF is the nation's largest in-hospital quality improvement program that aims to improve outcomes by promoting consistent adherence to guideline-directed care for patients admitted with HF. 12 Participating hospitals submit clinical information for each patient admitted with the primary diagnosis of HF using an internet-based Patient Management Tool (Quintiles, Cambridge, MA). The detailed information regarding GWTG-HF program and methods of data collection and data processing have been described previously. [12] [13] [14] The institutional review board approval was obtained for the analysis of the deidentified data for the research study. The institutions are considered TH if they have approval for residency programs from an Accreditation Council for Graduate Medical Education or if they are member of the Council of Teaching Hospitals. 14 
Patient Population
In the present study, 330 007 patients from 425 GWTG-HF participating hospitals with at least 75% complete data on medical history were evaluated for eligibility. Patients were excluded (N=22 301) if discharge destinations were missing or not documented, or they were transferred to another acute care facility or hospice care, or left against medical advice. Patients were also excluded if teaching status of the hospital was missing (n=3665). Final analysis included 304 111 patients from 398 hospitals enrolled in the GWTG-HF program between January 2005 and September 2014. Patients were divided in to 2 groups based on the teaching status of the admitting hospital. A total 197 187 patients were admitted to TH while 106 924 patients were admitted to NTH. Total number of patients and hospitals enrolled from 2005 to 2014 and by years hospitals participated in GWTG-HF program are shown in Table 1 .
Definition and End Points
The primary outcome was defect-free care defined as 100% compliance with all required performance measures. Five major performance measures evaluated in the study were (1) HF patients discharged with 6 instructions: activity level, diet, discharge medications, follow-up appointment, weight monitoring, and what to do if symptom worsens; (2) HF patients with documentation of left ventricular EF; (3) HF patients with left ventricular systolic dysfunction (LVSD) discharged on angiotensin-converting enzyme inhibitors or angiotensin receptor blockers; (4) HF patients with LVSD discharged on β-blocker; and (5) HF patients with smoking history discharged with smoking cessation counseling. Additional quality measures evaluated include black patients with LVSD discharged on hydralazine and isosorbide dinitrate combination, HF patients with LVSD discharged on aldosterone antagonist, patients discharged with implantation or counseling or prescription of implantable cardioverter defibrillator (ICD)/cardiac resynchronization therapy (CRT; if EF≤35%), and HF patients with atrial fibrillation discharged on anticoagulation. Achievement of these quality measures were compared between TH and NTH. Moreover, inpatient hospital procedures, mortality, and length of stay were also compared. The quality measures and outcomes were also compared between patients admitted with HF with reduced EF (<40%), as well as with preserved EF (≥40%). Only the quality measures relevant to both types of HF were included in this analysis.
Statistical Analysis
Baseline patient characteristics, including demographic information, medical history, vital signs on admission, laboratory values, and EF, as well as hospital characteristics, were compared between patients treated in TH and NTH. Percentage was used to describe categorical variables, and median (25th, 75th percentiles) was used to describe the distribution of continuous variables. With large sample size, P values derived from traditional statistical methods may be significant with only small differences that are of questionable clinical relevance. Standardized differences are not as sensitive to sample size and are useful in identifying meaningful differences. 15 Hence, to compare differences of categorical variables and continuous variables between TH and NTH, we reported percentage of absolute standardized difference. We consider an absolute difference of >10% to be clinically meaningful. Multivariable logistic regression was used to examine the association of hospital teaching status and binary quality measures and clinical outcomes, such as in-hospital mortality and length of stay ≥4 days. Generalized estimating equations (GEE) were used to take into account clustering within hospitals. An exchangeable (compound symmetrical) working correlation structure was used. Adjustment variables included demographic characteristics (age, sex, and race), insurance (Medicare, Medicaid, Heath Maintenance Organization/Private/other insurance, or uninsured), past medical history (atrial fibrillation/flutter, chronic obstructive pulmonary disease or asthma, diabetes mellitus, dyslipidemia, hypertension, peripheral vascular disease, stroke/transient ischemic attack, ICD, anemia, dialysis, renal insufficiency, depression, valvular heart disease, CRT pacing only, CRT defibrillator, ischemic heart disease, smoking status, and prior history of HF), vital signs (systolic blood pressures and heart rate), and EF value and hospital characteristics (number of beds, region, and rural versus urban). Patients with missing information on sex and number of hospital beds were excluded. The missing values
WHAT IS KNOWN
• Participation in national quality improvement programs, such as Get With The Guidelines, improves adherence with guideline-recommended therapies, and hospital teaching status has been associated with greater adherence with performance measures and better outcomes.
• It is unclear whether considerable difference exist in treating heart failure patients between teaching and nonteaching hospitals participating in Get With The Guidelines-Heart Failure program.
WHAT THE STUDY ADDS
• Among hospitals participating in Get With The Guideline-Heart Failure, teaching hospitals showed greater adherence with performance measure compared with nonteaching hospitals in unadjusted analysis.
• After adjustment with baseline patient and hospital characteristics, there was no significant association between hospital teaching status and achievement of guideline concordance care for heart failure patients with reduced or preserved ejection fraction.
• There was temporal improvement in adherence with performance measures with each year of participation in Get With The Guideline-Heart Failure irrespective of hospital teaching status.
for other adjustment variables were small (<5%), except for vital signs with 14% missing value. The missing values on these variables were imputed to the dominant level for categorical variables and median value for continuous variables. In addition to crude estimates of outcome proportions among TH and NTH, we also provide a GEEbased estimate of the marginal proportion.
For outcomes and quality measures relevant for HF patients with reduced EF and preserved EF, the multivariable analysis was stratified by reduced (<40%) and preserved EF (≥40%). This was done by conducting an analysis that included an interaction of teaching status and reduced versus preserved EF. The interaction was tested first to examine whether the association between teaching status and quality measures or outcomes differs in HF patients with reduced versus preserved EF. Significant P value for interaction indicates different association between variable and teaching status for HF with reduced versus preserved EF. The association and trends of performance measures and outcomes with teaching status of hospitals was reported separately for patients with reduced and preserved EF.
Trends in quality measures and clinical outcomes were described over years of participating in the GWTG-HF program stratified by teaching status. The data from the first 30 patients admitted after the hospital enrolled in the GWTG-HF program were considered baseline data from the pre-enrollment period. The first year of enrollment in the program started when the data for the 31st patient were collected. Baseline data that included only first 30 patients admitted in each hospital were excluded from the trend analysis. The univariate trend was tested using Cochran-Mantel-Haenszel row-mean score statistic. A multivariable logistic regression analysis examined the change in the performance or quality measures and clinical outcomes over time of participation in the GWTG-HF program. An interaction of time in GWTG-HF program by teaching status was included to test whether the change over time of participation in GWTG-HF program differs in TH and NTH. A significant interaction indicates different trend in TH and NTH. The GEE approach and adjustment variables mentioned above were used in the models. We used Pearson correlation coefficient to evaluate relationship between defect-free care and in-hospital mortality.
All statistical analyses were performed using SAS version 9.2 (SAS Institute, Cary, NC). All P values were 2-sided, with P<0.05 considered statistically significant. GWTG-HF indicates Get With The Guideline-Heart Failure; NTH, nonteaching hospitals; and TH, teaching hospitals. 
Results

Baseline Characteristics
Performance and Quality Measures
In unadjusted analysis, TH compared with NTH showed significantly higher adherence with performance and quality measures ( Figure I in the Data Supplement) suggests that defect-free care rates at large hospitals tend to be higher than at smaller hospitals. The same trend applies to both TH and NTH-but there are greater number of small hospitals with lower rates that are NTH compared with TH. The adjusted association of all variables included in analysis with defect-free care is shown in Table I in the Data Supplement. The remaining quality measures were not significantly different in adjusted analysis ( Table 3 ). The association between teaching status and quality measures (relevant to both types of HF) was not significantly different for HF patients with reduced EF and preserved EF (Table II in the  Data Supplement) . Over time in GWTG-HF program, there was increased adherence with performance measures, such as defectfree care; discharge instructions; documentation of LVEF; β-blockers and angiotensin-converting enzyme inhibitors/ angiotensin receptor blockers for patients with left ventricular dysfunction; and smoking cessation counseling. Moreover, trends were not significantly different for these variables at TH and NTH (Table 4 and Figure) . Prescription of aldosterone antagonists for patient with reduced left ventricular function and anticoagulation use for HF patients with atrial fibrillation increased similarly at TH and NTH (Table 4) . Use of hydralazine and isosorbide dinitrate combination was unchanged at TH and NTH. ICD placement or prescription was increased at TH and NTH; however, we observed a significant interaction between teaching status and time participating in GWTG-HF program (P for interaction =0.03) such that TH had additional increase in adherence over time. CRT defibrillator or CRT pacemaker placement or prescription at discharge was increased over time at TH but not at NTH. The trends of performance measures and outcomes for patients with reduced and preserved EF and its association with hospital teaching status is reported in Table III and IV in the Data Supplement. Table 3 demonstrates that in-hospital mortality at TH was 3.2% and at NTH was 3.0% (GEE unadjusted OR 1.04, 95% CI 0.93-1.17; P=0.46). After adjustment, in-hospital mortality was significantly higher at TH (GEE OR 1.16, 95% CI 1.02-1.31; P=0.02). There are more patients with length of hospital stay ≥4 days at TH (39.8% at TH versus 36.2% at NTH; P<0.01) but the difference did not persist after adjustment (GEE OR 1.01, 95% CI 0.91-1.11; P=0.86). The association of teaching status with mortality was similar for HF patients with reduced or preserved EF. Participation time in the GWTG-HF program was associated with increased inhospital mortality at TH but not at NTH; however, P value for interaction was not significant (P for interaction =0.37; Table 4 ). There was decrease in the proportion of patients with length of stay ≥4 days with increased participation time at NTH. This trend was greater at NTH compared with TH (P for interaction =0.04; Table 4 ). There was inverse correlation between compliance with defect-free care and inhospital mortality, which was not statistically significant at TH (Pearson correlation coefficient −0.1; P=0. 16 
In-Hospital Outcomes
Discussion
This study characterizes patterns of HF care and in-hospital outcomes at TH and NTH enrolled in the GWTG-HF program. Our study showed no significant association between hospital teaching status and achievement of guideline concordant care for HF patients with reduced or preserved EF. In adjusted analysis, defect-free care, discharge instruction, documentation of EF, use of angiotensin-converting enzyme inhibitors/ angiotensin receptor blockers, β-blocker, and smoking cessation counseling were similar, regardless of teaching status of hospitals. From 2005 to 2014, there was improvement in adherence with defect-free care and individual performance measures over time, with no significant difference at TH and NTH. ICD placement or prescription was increased more at TH compared with NTHs, whereas CRT placement or prescription was increased only at TH. Odds of mortality were higher at TH while length of hospital stay ≥4 days was similar. Length of stay ≥4 days decreased over time significantly at NTH compared with TH. Though, not significantly different, mortality showed increasing trend at TH but not at NTH.
HF is the most common Medicare discharge diagnosis, accounting for healthcare costs more than any other medical conditions in the United States. 1 The annual healthcare cost for HF is estimated to be more than $35 billion. 1 Although there is rapid progress in evidence-based treatment for HF, there has not been a parallel increase in guideline-centered patient care. 16, 17 Adherence with guideline-recommended care has a substantial impact on in-hospital, as well as long-term clinical outcomes, including survival, quality of life, and readmissions. 18, 19 Despite increasing awareness regarding evidencebased guidelines and implementation of various quality improvement programs, considerable gaps exist regarding quality of care at academic and nonacademic hospitals. 6, 9 Previous studies showed greater adherence to standard practice for cardiovascular diseases, such as coronary artery disease and HF at TH compared with NTH. 10, 14 Wang et al 20 in the analysis of GWTG database showed superior adherence to acute myocardial infarction and HF core measures in larger TH. Study also showed that hospitals with superior adherence to core measures for both acute myocardial infarction and HF were enrolled in GWTG program longer than hospitals that showed poor adherence. Moreover, hospitals with superior adherence were more likely treating younger, male, and white patients. Analysis of the ADHERE registry demonstrated significantly better conformity in providing discharge instructions at NTH, while Baseline data that included only first 30 patients admitted at each hospitals after enrollment in GWTG program is not included in this analysis. Interaction P value is the P value of the interaction of teaching status and time in GWTG-HF program (trend). A significant interaction indicates that the trend on the measure or outcome differ at teaching hospital from that at nonteaching hospital. Moreover, the trends (per 1 y change) at teaching and nonteaching hospital are presented, respectively. ACEi indicates angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; CI, confidence interval; CRT-D, cardiac resynchronization therapy defibrillator; CRT-P, cardiac resynchronization therapy pacemaker; GWTG-HF, Get With The Guideline-Heart Failure; HF, heart failure; ICD, implantable cardioverter defibrillator; LVEF, left ventricle ejection fraction; LVSD, left ventricular systolic dysfunction; NTHs, nonteaching hospitals; OR, odds ratio per 1 year in GWTG-HF program; and THs, teaching hospitals.
* TH performed better in documentation of left ventricular function and prescription of angiotensin-converting enzyme inhibitors/angiotensin receptor blockers for patients with LVSD. 10 TH, in addition to their educational and research activities, are known to serve as a referral center for complex and severely ill patients with multiple comorbidities. Moreover, our study showed TH more likely to serve minorities and uninsured, which is consistent with prior study. 21 These patients generally have worse clinical outcomes and present with many challenges to provide equitable care because of lower education and socioeconomic status, lack of access to preventive care, and delay in accessing acute care. 21, 22 Even with these challenges, prior studies have demonstrated that TH provided better quality of care for common conditions, such as pneumonia, acute myocardial infarction, and HF. 21, 23, 24 Similar to these findings, unadjusted analysis of the data from the GWTG-HF program highlighted disparities of care and showed higher adherence with performance measures at TH. However, these differences were not statistically significant in the adjusted model. In the present study, THs have factors that may favor poor performance, such as minority and uninsured patients, as well as factors that may favor higher performance, such as younger patients. Despite certain differences in patient management, for example, more ICD implantations and cardiac catheterizations at TH, our study showed that hospitals participating in GWTG-HF program provided high quality care to HF patients irrespective of their teaching status.
Using Medicare database, Shahian et al 21 showed lower mortality among HF patients admitted at TH compared with those admitted at NTH. Contrarily, our study showed higher adjusted in-hospital mortality for HF patients treated at TH. However, our study examined different patient population compared with the study by Shahian et al, 21 with at least 25% of patients younger than 62 years of age. TH generally care for critically ill patients from low socioeconomic status, as well as patients transferred with advanced disease conditions, which can be difficult to capture and adjusted for in retrospective studies. Thus, results are likely because of unmeasured factors, such as comorbidities, severity of HF, health literacy, and socioeconomic status that may disadvantage TH. Moreover, there was increasing mortality trend at TH, though, adherence with defect-free care increased over time.
Participation in a quality improvement program such as GWTG-HF may help to overcome challenges of providing higher quality of care to HF patients and enables hospitals, particularly NTH, to improve adherence with performance measures and outcomes. The present study also highlighted, after participations in GWTG-HF program, that there were improvements of adherence with performance measures over time at TH and NTH, and little heterogeneity was present.
Limitations
In this study, we adjusted for all pertinent factors that were collected, but it is not possible to adjust for all elements, and important differences between TH and NTH may not have been fully adjusted for. As such, residual measured and unmeasured factors may have accounted for some of these findings. GWTG-HF program lacks data regarding postdischarge outcomes. Hence, we are not able to evaluate differences in clinical end points, such as long-term mortality or HF readmissions. Participation in GWTG-HF program is voluntary. The program may have included hospitals that provide higher quality of care, with a greater focus on improving the quality of care or poorly performing hospitals that need substantial improvement in performance. The GWTG-HF program only includes hospitals in the United States, and thus, results may not be generalized to hospitals in other countries. The improvements in care over time may reflect more than GWTG-HF participation, additional local and national improvement efforts, public reporting of acute HF measures, or other factors.
In conclusion, our study showed good adherence with performance and quality measures for HF in TH and NTH participating in GWTG-HF over the full decade. There was consistent improvement in adherence and use of guidelinerecommended therapies, regardless of teaching status, except CRT defibrillator or CRT pacemaker placement or prescription was increased only at TH.
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Figure.
The trend of defect-free care at teaching and nonteaching hospitals by number of years each hospital has participated in the GWTG-HF program. The error bar represents 95% confidence interval for the crude rates. GWTG-HF indicates Get With The Guidelines-Heart Failure.
